To evaluate the effects of chronic pressure overload on different parts of the left ventricle (LV), we examined a myosin isoform shift from V1 to V3 as a biochemical marker of LV hypertrophy in Dahl salt-sensitive (DS) rats. Six-week-old DS rats were fed an 8% (high salt, HS; n 24) or a 0.3% (low salt, LS; n 12) NaCl diet. After 2 or 4 weeks, the hearts were dissected and the LVs were separated into four parts (the base and midportion of the interventricular septum (IVS), and the base and mid-portion of the LV free wall) for isomyosin analysis. The myosin isoform shift was analyzed by pyrophosphate gel electrophoresis. Both blood pressure and LV/body weight ratio were clearly increased in the HS group. The myosin isoform shift from V1 to V3, which was measured as a decrease in the percentage of V1 isomyosin, was demonstrated only in the base of LV, with significant predominance in the IVS at 2 weeks and in all four parts at 4 weeks in the HS group. In the LS group, a myosin isoform shift was demonstrated only in the basal portion of the LV at 4 weeks. We concluded that, in rats with salt-induced hypertension, the myosin isoform shift from V1 to V3 starts at the base of the LV, and particularly at the base of the IVS, and then spreads across the entire LV.
Introduction
Left ventricular hypertrophy (LVH) is an adaptive response to systemic hypertension. Pressure overload transforms ventricular myocytes (1) (2) (3) , and subsequently induces left ventricular (LV) remodeling, systolic/diastolic dysfunction, and LVH (4) (5) (6) . Appropriate blood pressure control restores ventricular wall thickness to normal and improves LV function (7, 8) . Therefore, treating systemic hypertension before or at the early phase of the development of LVH is critical. Several methods have been used to detect the early phase of LV dysfunction (9, 10) , but little is known about the differences in hypertrophy among the various parts of the LV wall. We have reported that hypertrophy of the interventricular septum (IVS) is dominant at the basal portion in hypertensive patients (11) and that this localized hypertrophy regresses from Eisai Co. (Tokyo, Japan) and fed a high salt (HS, 8% NaCl; n 24) or low salt (LS, 0.3% NaCl; n 12) diet for 2 or 4 weeks (15) (16) (17) . Systolic blood pressure (SBP) was measured by the tail-cuff method every week. The heart was exposed under ether anesthesia and the LV was dissected at 2 weeks from 10 HS and 8 LS rats, and at 4 weeks from 8 HS and 4 LS rats. This investigation conformed to the guidelines for the care and use of laboratory animals published by the National Institutes of Health.
The LV was weighed and separated into the base of the IVS, the mid-portion of the IVS, the base of the LV free wall, and the mid-portion of the LV free wall. Each portion was gently homogenized in extraction solution (100 mmol/l Na pyrophosphate containing 200 mmol/l ethylene glycolbis-(β-aminoethyl ether) N,N, N ,N -tetraacetic acid (EGTA) pH 8.8 and 2 mmol/l β-mercaptoethanol). The homogenate was incubated at 4 ºC for 1.5 h, then separated by centrifugation for 1 h at 10,000 g at 4 ºC. The supernatant was gently mixed with ice-cold glycerol at a final concentration of 50% and then stored at 70 ºC. Myosin extracts were then prepared and analyzed by pyrophosphate gel electrophoresis as reported by d'Albis et al. (18) . The gel was stained with Coomassie brilliant blue. The relative amounts of V1, V2, and V3 isomyosins were calculated from the area of each peak in the densitometric scans. Results are expressed as percentages of V1.
Statistical Analysis
Data are presented as the means SD. Systolic blood pressure (SBP) and heart weight were statistically analyzed using Student's unpaired t-test. ANOVA and Fisher's protected least significant difference test were used to analyze the re-sults of the myosin isoforms. Values of p 0.05 were considered to indicate statistical significance. Figure 1 shows the time course of SBP in DS rats fed either a high or a low salt diet. Baseline SBP was similar between the HS and LS groups. After 1, 2, 3 or 4 weeks, SBP was significantly higher in the HS than in the LS group. Figure 2 shows the ratio of LV weight: body weight at 2 and 4 weeks after feeding a high or a low salt diet. The LV weighed significantly more in the HS than in the LS group after 2 and 4 weeks. Figure 3 shows a representative pyrophosphate gel electrophoretic image of myosin in the base of the IVS, in the base of the LV free wall, in the mid-portion of the IVS, and in the mid-portion of the LV free wall at 2 and 4 weeks in the HS and LS groups. The predominant isomyosin was V1 in all parts of the LV in both the HS and LS groups at 2 weeks as well as at 4 weeks. V2 and V3 bands indicating a myosin isoform shift from V1 to V3 were located in the base of both the IVS and LV free wall and not in the mid-portions of these areas in HS rats as early as 2 weeks after starting the high salt diet, while V2 and V3 bands were visible in all parts of the LV in HS rats at 4 weeks. On the other hand, the V2 and V3 bands were scarcely detected in any portions of the LV from LS rats either at 2 or 4 weeks after starting the low salt diet.
Results
Details of the myosin isoform shift were further analyzed by densitometric scanning. The myosin isoform shift from V1 to V3 is presented as a decrease in the ratio (%) of V1 isomyosin. Figure 4 shows the percentage of V1 isomyosin determined by densitometry in the base of the IVS, in the base of the LV free wall, in the mid-portion of the IVS, and in the mid-portion of the LV free wall at 2 or 4 weeks in the HS and LS groups. In the HS group at 2 weeks, the percentage of V1 isomyosin was significantly lower in the bases of both the IVS and LV free wall than in the mid-portions of these structures. The percentage was significantly lower in the base of the IVS than in the base of the LV free wall. In the HS group at 4 weeks, the percentage of V1 had further decreased evenly throughout all parts of the LV. On the other hand, in the LS group, the percentage of V1 did not differ significantly among the four parts of the LV at 2 weeks, and was slightly but significantly decreased only in the basal portion of the IVS at 4 weeks. These results suggest that the conversion of V1 isomyosin to V3 isomyosin as a response to pressure overload initially occurs at the base of the LV, and especially at the base of the IVS.
Discussion
Numerous stimuli, including pressure overload, change the myosin isoform. Iwanaga et al. (19) reported that the amount of α-myosin heavy chain mRNA is increased by 58% in DS rats fed an angiotensin-converting enzyme inhibitor compared with control DS rats. A reduction in myosin ATPase activity and a shift from V1 isomyosin toward V3 isomyosin has been demonstrated in hypertensive rats (20) . A myosin isoform shift from V1 toward V3 is a biochemical marker of myocardial hypertrophy induced by hemodynamic overload (1) . The present study revealed that the isomyosin shift from V1 toward V3 began at the base of the LV, and especially at the IVS base rather than the LV free wall base, and then spread to the other parts of the LV in DS rats fed a high salt diet. This regional variation in the cardiac isomyosin shift suggested that pressure overload preferentially began in the basal portion of the IVS and was not evenly distributed throughout the LV during the early phase of hypertension. In the LS group, the percentage of V1 was slightly but significantly decreased in the basal portion of the IVS at 4 weeks. Whether this decrease was due to a pressure difference or to other non-mechanical factors remains unknown. Aging may be a non-mechanical factor, because basal septal hypertrophy is enhanced, especially in elderly hypertensive patients (13, 14) . Cardiac angiotensin II is linked to the formation of pressure-overload hypertrophy (21) . An angiotensin-converting enzyme inhibitor and an angiotensin II receptor antagonist have been shown to decrease LV weight along with a parallel reduction in LV tissue angiotensin II concentration in an experimental hypertension model (22) . Iwanaga et al. (23) reported that at the LVH stage, although the plasma angiotensin II level was within the normal range, the LV angiotensin II level in DS rats increased 1.6-fold compared with that in age-matched Dahl salt-resistant rats. Although they did not separately measure the tissue angiotensin II concentration in the base and mid-portion of the LV, it is conceivable that the tissue angiotensin II concentration could be unevenly distributed.
We previously reported that, in patients with hypertension, localized hypertrophy in the base of the IVS regresses after blood pressure is reduced (12) . The present study investigated the effects of pressure overload on different parts of the LV using a DS rat model of salt-induced hypertension. The results support our hypothesis that pressure overload from systemic hypertension first affects the base of the LV, especially in the IVS, and then extends throughout the entire LV.
Why pressure overload first appears at the base of the IVS remains unknown. The base of the IVS forms the LV outflow tract for rapid blood flow and is exposed to high shear stress. The LV outflow tract bends to the aorta and the base of the IVS bulges into the tract. Following Bernoulli's theory, the septal wall of the outflow tract has the smallest radius of curvature and is thus exposed to the strongest stress. Heng et al. (24) showed that regional wall stress is greater in the IVS than in the free wall, and the base of the IVS shows the greatest stress according to echographic data and analysis of the shape of the LV cavity. An echocardiographic study has revealed that, in hypertensive patients with LVH, diastolic dysfunction is more evident at the basal septum than in other parts of the LV (25) . In addition, the base of the IVS attaches to the base of the aorta, and beating stress may also injure this region. These topographic and hemodynamic effects may cause regional stress and localize hypertrophy at the base of the IVS during the early phase of hypertension.
Although we used a myosin isoform as a marker of pressure load, we did not measure actual wall stress in different LV regions. Further study will be required to clarify this issue.
In conclusion, the myosin isoform shift from V1 towards V3 starts at the base of the LV, and especially at the base of the IVS, and spreads over the entire LV in rats with salt-induced hypertension. These results suggest that pressure overload from hypertension may be strongest at the base of the IVS, and that LV hypertrophy may originate at the IVS base.
